We use a panel of 139 countries to examine the relationship between a country's openness to international trade and several health outcomes and find that, in general, increased openness is associated with lower rates of infant mortality and higher average life expectancies, especially in developing countries. There is some preliminary evidence suggesting that part, but not all, of the positive association between openness and health may result from more open economies receiving more development aid.
Introduction
Critics of the current wave of globalization argue that increased international trade may harm the poor, especially those in developing countries. In addition, although much economic theory predicts that trade increases average incomes, it also highlights distributional consequences that may adversely affect the poor. In this paper, we evaluate the effects of trade on welfare by looking at how openness to trade influences health outcomes. Our work is particularly relevant to the concerns of trade's impact on the poor as it is likely that improvements in aggregate measures of health outcomes are concentrated among the poor. Our major finding is that increased openness is robustly associated with lower infant mortality and higher life expectancies in developing countries. In richer countries, these effects are more muted. We provide some preliminary evidence that suggests that part, but not all, of the explanation for these results is that more open economies receive more development assistance.
Our work is related to the active debate on the effects of international trade on welfare as measured by growth of per capita income. Sachs and Warner (1995) show that incomes of open economies tend to converge while those of closed economies do not. In another influential paper, Dollar (1992) finds that exchange rate distortion and exchange rate variability are negatively correlated with growth. More recently, Rodriguez and Rodrik (2001) call these findings into question by showing a lack of robustness for some results and casting doubt on the interpretations of others.
1 In a related paper, Dollar and Kraay (2000) specifically examine the effects of globalization on the poor and find that the poor benefit from openness to the same extent that the entire economy benefits.
1 Ben-David (1993) , Edwards (1998) , Lee (1993) , Harrison (1996) and Wacziarg (1998) are other recent papers critiqued by Rodriguez and Rodrik (2001) that find a positive role for trade in the growth process. For a survey of earlier literature on this topic, see Edwards (1993) .
There also exists a substantial body of work that links economic activity to health status both at the country and the household level. At the macroeconomic level, Waldmann (1992) finds evidence for a link between income distribution and infant mortality. Pritchett and Summers (1996) show that wealthier economies have lower infant mortality rates and higher life expectancies and Bhargava et. al. (2001) show that countries with better health outcomes grow faster. 2 At the household level, there is evidence that serious health events lead to large declines in household wealth (Smith 1999 and McClellan 1998) . Socioeconomic status has also been linked with infant mortality (Meara 1998) and also behavioral patterns such as smoking and drinking (Marmot, Shipley and Rose 1984) .
Finally, there is a large literature on the effect of trade on income inequality.
Although many studies have found a minor role for trade in widening inequality, Borjas and Ramey (1994) and Karoly and Klerman (1994) argue that the impact of trade is significant (see also, Wood 1994) . Most of this literature, however, focuses on increasing earnings inequality in industrialized countries, while our results suggest that the improvements in health outcomes are most dramatic in developing countries. 3 Furthermore, even if trade causes greater inequality in incomes, our findings show that inequality in other measures of welfare are reduced by trade.
The effects of openness on health (holding income constant) can operate through a variety of links. Bhagwati (1998) suggests that health, particularly in developing 2 Interestingly, Pritchett and Summers (1996) use different measures related to openness to trade (terms of trade, black market premium, and price level distortion) to instrument for per capita GDP in regressions explaining infant mortality and life expectancy. They obtain insignificant coefficients on the instrumented GDP in all three cases. 3 See Burtless (1995 ), Freeman (1995 , and Richardson (1995) Our results show that the beneficial effects of trade on health outweigh any negative effects and that these effects are the results of several different linkages. While greater access to "raw materials" such as vaccines are associated with better health outcomes, there is still a role for openness in affecting health that is independent of this channel. We also find some suggestive evidence that foreign aid devoted to water resources is more likely to be awarded to open economies and that this development aid is associated with better health outcomes. Thus, at least part of the explanation for the better health performance of open economies may be the increased aid they receive.
5
4 For example, Richter (1980) finds evidence suggesting that occupational accidents and sick days would be reduced if Austria were closed to international trade. 5 Some researchers find that aid is not correlated with macroeconomic policies, but with the donor country's self-interest (Boone 1996 and Burnside and . Alesina and Dollar (2000) show that foreign aid is determined as much by political and strategic considerations, as by the economic needs and policy performance of the recipients. Our result that openness to imports is positively related to aid received is consistent with both the donor self-interest finding (e.g., self-interested donors reward countries that are open to their exports) as well as one in which altruistic donors reward certain macroeconomic policies.
The remainder of the paper is organized as follows. Section 2 explains the methodology and introduces the data. Section 3 presents the empirical results and discusses reasons for the relationship and Section 4 concludes.
Methodology and Data
To explore the relationship between health and trade, we adopt the following specification:
( (1965, 6 The primary measure of openness in our analysis is the volume of trade, as opposed to a direct measure of policy stance. Thus, the policy prescription of our initial results is to implement policies to increase the volume of trade, a slightly stronger policy action than simply being open to trade. (See also Rodriguez and Rodrik, 2001 for a discussion of this issue.) However, in later results we use a more direct measure of policy -the black market premium -as an alternative measure of openness. 7 We include all countries for which data is available except for former planned economies. 1970, 1975, 1980, 1985, 1990, and 1995 8 A Hausman test confirms our choice of fixed vs. random effects with p-values less than .05 for each of the estimations in our main specification. All of the results we report are robust to using ten-year intervals, although this choice reduces our sample size considerably. 9 Nonetheless, our results are also robust to using contemporaneous values of our independent variables. 10 Ceteris paribus, longer life expectancies and lower infant mortality rates should lead to higher population growth rates. The correlation between health outcomes and population growth may be negative, however, if higher rates of population growth are associated with lower access to medical care. While World Development Indicators do include some recent data on access to medical services, the data are not available in earlier years and cannot be used in our panel estimation. In section 3.4, we utilize some additional variables that measure access to medical care more directly in some cross-section estimations. Leone's being only 36. There is also a large amount of variance in openness to trade. In 1990, the sum of Singapore's imports and exports is almost 4 times its GDP, while in the same year, Brazil's ratio is less than one-eighth.
Results

Descriptive Statistics
Openness and Health Outcomes
Estimation results for equation 1 are shown in Table 2 . The first column for each health outcome includes only the log of per capita GDP, the log of openness, an interaction term, and country and year effects. In the three equations with measures of life expectancy used as the dependent variable, the positive coefficients on the GDP variables indicate that richer countries have better health outcomes. While the coefficient on openness is positive, the interaction term between the two has a negative sign, implying that the positive effect of openness on health is strongest for poorer countries.
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11 While some may interpret this result as being due to the fact that the poorest countries start out with the worst health outcomes, using the logarithm of health outcomes yields the same conclusions for average life This interaction term is statistically significant at the 10% level in all three life expectancy equations.
For infant mortality, all of the coefficients are of the opposite sign to the life expectancy equations, which is expected given the fact that lower numbers signify a better health outcome. Once again, the interaction term is statistically significant and suggests that the decrease in infant mortality rates due to increased openness is strongest for poorer countries. Countries that become richer and more open have lower infant mortality rates, but the benefit of openness is strongest for poorer countries.
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The magnitude of the impact of openness is meaningful. The results imply that a one standard deviation increase in the log of openness for a country that is in the lowest quintile of real GDP is associated with a drop of approximately 7 infant deaths per 1,000
(a reduction in the average rate of infant mortality of about 8%). Increases in female life expectancy in the poorest countries are also notable, with a one standard deviation increase in the log of openness producing an increase in female life expectancy of 1.39 years (2.3% of the average female life expectancy in the full sample). A similar calculation yields an increase in male life expectancy of 0.83 years, a slightly smaller, but still significant impact of openness.
expectancies, though not for infant mortality. However, we report the results using the levels of health outcomes to focus on the absolute changes in outcomes, instead of relative ones. In fact, one reason that health outcomes in poorer countries may catch up with those in more developed ones is that poorer countries that interact with the rest of the world may be able to adopt health practices and technologies used in other countries. 12 A literal interpretation of the coefficients presented would imply that in developed economies more openness may actually worsen health outcomes (about 60 percent of our sample is above this break-even point). However, when we split the sample at the break point implied by these coefficients and then reestimate equation 1 using only the richer countries, we again find that openness is positively associated with health, but the effect diminishes as GDP per capita increases even within this sub-sample. (We do not find a statistically significant interaction term in the developing country sample.) In other words, increased openness is not necessarily associated with decreased health in developed economies, only that the effect is weaker for richer countries.
It is interesting to note that the largest impact of openness (in percentage terms) is for infant mortality. A possible explanation is that when trade is more free flowing, the improved access to resources in developing countries is more heavily concentrated in immunizations or pre-and post-natal care. This hypothesis is also supported by the fact that the magnitude of the effect of openness on female life expectancy is slightly larger than for the male life expectancy equation. We will examine some of these issues in Section 3.4. Prior to taking up this issue, however, we explore the robustness of our results.
One possibility is that changes in some other demographic variable may be driving this result. Perhaps as a country improves its educational system, its health outcomes improve, and it happens to become more open to international trade in the process. To address this issue, the second column for each health outcome equation includes population growth and secondary schooling enrollment rates as covariates in the regression. 13 As expected, the coefficient on secondary schooling shows that increased education is associated with better health outcomes, but the coefficient on population growth is statistically insignificant in explaining any of the four measures of health outcomes. Importantly, the coefficients on openness to trade continue to be of the same sign as in the basic specifications, and all are statistically significant at the 10% level.
Even after controlling for the differences in these demographic characteristics between 13 One might also wonder about a causal relationship between trade and population growth. Increases in all four of our health outcome measures would tend to increase population growth rates, holding all else constant. However, when we estimate the impact of trade on fertility using the logs of per capita GDP, openness, secondary schooling enrollment, and an interaction between per capita GDP and openness, we find some weak evidence suggesting that increased openness is associated with lower fertility rates and that this effect is particularly strong in developing countries. Thus, for the time period and the intervals we examine, increased trade may hasten the demographic transition in developing countries. In a related paper, Galor and Mountford (2001) examine the relationship between trade and population growth over the very long run and argue that increased trade in less industrialized countries would lead to higher rates of population growth through a Malthusian mechanism.
countries and across time, a country's openness to foreign trade continues to be an important determinant of health outcomes. More open countries have higher average life expectancies and lower rates of infant mortality, and the effects are strongest for developing countries. It is important to note that in using a fixed effects specification, the potential for omitted variables driving the results is limited. Country specific characteristics that are fixed over time, such as geography and climate, will not bias the results obtained in the analysis. In the next section, however, we do investigate the sensitivity of our results to other possible omitted variables.
Sensitivity Analysis
Alternative Measures of Openness
To test the robustness of the results, we repeat the previous analysis using three other measures of openness: imports as a proportion of GDP, exports as a proportion of GDP and the black market premium. The black market premium indicates the extent of distortion in the market for foreign currency. The basis for using this measure of openness is that higher black market premiums imply more trade barriers due to foreign exchange restrictions. The black market premium may also signal other macroeconomic imbalances or an inefficient policy environment in general which could also be associated with lower health outcomes. Thus, it is a more direct measure of trade policy, but it may also be correlated with other macroeconomic policies that could impact health outcomes.
The results using these other openness measures are shown in Table 3 . The results using the exports/GDP as a measure of openness appear in the top panel, results using imports/GDP appear in the middle panel, and results using the black market premium appear in the bottom panel of the table. These results strongly confirm the initial findings. 14 Whether we use a more direct measure of trade policy (black market premium) or an alternative measure of trade volume (exports or imports), we find that increased openness to trade improves all four health outcomes and that the effect is particularly strong in developing countries.
The magnitudes of the effects identified with the alternative measures of openness are similar to those reported earlier. For example, a one standard deviation decrease in the log of the black market premium is associated with a drop in the infant mortality rate of 3 per 1,000 and an increase in female life expectancy of one-half year in the subsequent five years.
Sample Selection and Additional Control Variables
In order to demonstrate that our main findings regarding the relationship between openness and health are robust, we modify our sample and specification in several different ways. 15 We discuss these further robustness checks in this section.
Although our sample size is relatively large for a cross-country data set, it may be sensitive to the inclusion of some outliers. Some countries experienced extremely large changes in openness and/or health outcomes during the observed time period. To ensure that these countries were not overly influential in determining our results, we also estimated equation 1 after dropping countries with the largest changes (positive or negative) in openness and countries with extremely large changes in any of the health indicators. We found the results to be robust to these changes in the sample. It is also possible that oil-exporting countries whose exports are primarily determined by natural resource extraction may behave differently than countries that mostly trade other raw 14 Note that decreases in the black market premium signal increases in openness. 15 Detailed results for any of the exercises described in the text are available from the authors upon request. materials and manufactured goods and services. However, we also confirmed that our results are robust to eliminating the OPEC countries from our sample.
Some have suggested that income inequality may be related to health outcomes through the link between socioeconomic status and health at the household level. 16 As noted in the introduction, there is reason to believe that income inequality may be related to international trade and we would be concerned if including a measure of income inequality affected our results. While a large panel of income inequality data is not available, we were able to construct a smaller panel (124 observations) to re-estimate equation 1, adding the Gini coefficient to the control variables in X. 17 We do not find a significant coefficient on income inequality and the signs and significance of openness and its interaction with GDP are preserved.
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Others have found that the level of female education (even after controlling for the overall level of education) may be related to infant mortality as better educated women will have better prenatal care and also be better prepared to care for an infant.
19
However, we find that including female secondary school enrollment rates in the infant mortality estimation does not yield a statistically significant coefficient and does not affect our conclusions about the effects of openness, even though adding this variable gives us a slightly smaller sample size. 16 See for example, Flegg (1982) or Rogers (1979) . 17 Gini coefficients are obtained from Deininger and Squire (1996) . To construct this panel, we follow Forbes (2000) and select income inequality observations for each year if there is an observation within the five previous years. 18 Ideally, one would want to explore the relationship between inequality, trade, and health outcomes more thoroughly with other measures of income distribution that focus on the welfare of the poorest people in the country (e.g., the poverty headcount). It is possible that the improvements in health outcomes at the country level are heavily influenced by improvements among the poor. Unfortunately, sufficient data is not available to explore this mechanism empirically. 19 See, for example, Mellington and Cameron (1999) or Subbarao and Raney (1995) .
Finally, the relationship we find between openness to trade and health outcomes may be spurious if lack of openness is highly correlated with an unstable political environment and political instability is the cause of poor health outcomes. To confirm that our results are not driven by this correlation we also included a dummy variable indicating if the country had been in a civil war in the previous five years. 20 However, our conclusions are not sensitive to the inclusion of this variable either.
Mechanisms for Openness Effects
While we have presented fairly strong evidence that, holding income constant, be a large inflow of health knowledge that is transmitted more easily when countries do not restrict foreign trade. 20 We use data from Sambanis (2000) to construct this dummy variable.
In this section, we discuss the evidence for several of these channels. While we are unable to provide evidence on links between openness, health outcomes and the number of patients or the knowledge that crosses borders as countries open up to trade, we are able to investigate the first three channels mentioned above: openness and the political regime, importation of medical resources, and openness and development aid.
We begin by addressing the issue of political climate within a country. If openness to trade is associated with political environments and those political environments influence health outcomes, the effects of increased openness on health may be attributed to changes in the political environment. To test this idea, we use the Polity data series, constructed by the Center for International Development and Conflict Management, which contains variables describing regime and authority characteristics for many of the countries in our data over time. 21 The Polity data contains eight different indices of democracy/autarky of regimes and we augment the panel estimations in Table   2 with each of these indices. None of the health outcome measures are significantly related to the political variables and we do not report the results here. Furthermore, including these variables in the main regressions does not change the magnitude or significance of the main results. Thus, we find no evidence that the positive correlation between openness and health outcomes can be attributed to changes in the political environment.
We next explore the possibility that developing countries that become more open are able to import more medicine from foreign countries, which in turn leads to better health outcomes. In cross-sectional analysis, we are able to document the fairly obvious result that greater availability of vaccines improves health outcomes by confirming that higher rates of measles and DPT immunizations lead to lower infant mortality rates and higher life expectancies. 22 A logical next step is to determine if the link between openness and health outcomes is a result of the effect of imports of pharmaceutical products on health.
To test this channel, we obtained United Nations trade data that details both the dollar value and the quantity (weight) of imports of medicinal products. 23 We use this data to create two new variables, the dollar value of medicinal imports/dollar value of GDP and the quantity of medicinal imports per person. (The dollar value of GDP is obtained from the World Bank's Development Indicators.) We included these two measures of imports of medical resources in the main panel regressions in Table 2 both with and without the more general measure of openness. We find no evidence that increases in these specific types of imports lead to better health outcomes and we do not report the detailed results
here. In fact, there is some evidence of reverse causality in this situation -in a few specifications we found evidence that countries tend to import more pharmaceutical drugs when health outcomes are bad. Therefore, while our cross-sectional evidence supports the idea that usage of medical resources leads to better health outcomes, we find no evidence that the importation of these resources is a critical link in explaining the positive correlation between openness and improved health in developing countries. 22 Unfortunately, there is not enough data on immunization rates to conduct a panel analysis. However, when including the immunization variables in a cross-sectional specification similar to the panel estimation in Table 2 , the original results for openness continue to hold-countries that are more open to trade have better health outcomes, and the benefit of openness is strongest for the poorest countries. In addition, the magnitudes of these effects are almost identical with and without controls for immunization rates. 23 We used SITC code 541, Medicinal Products. This category includes drugs such as antibiotics and vaccines as well as medical supplies (e.g., bandages).
Another possible reason for the association between international trade and health outcomes is that foreign aid, some of which may be used to improve public health, may be linked to a country's economic policies, including its openness to trade. To test this hypothesis, we look at the relationship between several different measures of foreign aid and health outcomes. We look at both general overall aid as well as specific types of aid that might be particularly important in influencing health outcomes. The types of development aid we examine included total development aid, technical cooperation, food aid, water supply and sanitation aid, emergency assistance, program assistance, and social infrastructure and services aid (all are measured per capita).
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As before, we add each of these measures of aid to the main specification in Table 2 to determine if they 1) influence health outcomes, and 2) influence the coefficient on openness and its interaction with per capita GDP. While most of the different kinds of aid are not consistent predictors of health outcomes, increases in per capita water resources aid are associated with lower infant mortality and higher life expectancies.
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The results for the regressions including water aid as an explanatory variable are reported in Table 4 .
Aid data is only available for a subset of our original sample, so the resulting sample is significantly smaller than the samples used in previous tables. Thus, we present results for specifications with and without the control for water aid in columns 1 and 2, respectively, for the same sample of observations (only those with non-missing aid data). 24 The development aid data is from the OECD's International Development Statistics data base. Total development aid, technical cooperation, and food aid include both bilateral and multilateral aid. Water supply and sanitation, emergency assistance, program assistance, and social infrastructure and services aid includes only the aid given by the 22 countries of the OECD's Development Assistance Committee. 25 Our finding that only a certain kind of development aid is associated with improved health outcomes is consistent with that of Boone (1996) who finds that total development aid/GDP is not significantly related to improvements in several human development indicators.
The coefficients on water resources aid are significant for all four health outcome measures. However, the coefficients on GDP, openness and the interaction all continue to be significant, though slightly smaller in magnitude. The implied marginal effects of openness are somewhat reduced between columns 1 and 2. For example, a one standard deviation increase in openness for a country in the lowest quintile of GDP increases overall life expectancy by 1.08 years when no control for water aid is included, and by 0.97 years when this measure is added as an explanatory variable.
While water resources aid explains at least part of the reason that openness is linked to health outcomes, the effects are still modest. Nonetheless, it suggests that one of the mechanisms linking openness and better health outcomes might be the receipt of foreign aid. Clearly, however, there is much of the relationship between openness and health that is not explained by increased development assistance.
Of course, in order for some of the link between openness and health to be explained by the receipt of development aid, there must be a link between openness and the amount of aid received. To further explore this issue, we examine the relationship between per capita water resources aid and several measures of openness in Table 5 . We predict water aid per capita using openness, GDP, and controls for secondary schooling and population growth. Because we only have data for countries that receive a positive amount of aid, this estimation predicts the amount of aid conditional on the receipt of aid.
The results indicate that water aid is positively correlated with imports/GDP, (imports+exports)/GDP, and exports/GDP, and negatively related with the black market premium, though the coefficient for the last measure is not statistically significant at the 10% level.
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There are two possible interpretations of these results. One is that the donor policies of giving aid depend on a country's economic policies and trade environment. Another is that a country may become more open to trade as a result of the increased foreign aid.
The fact that the black market premium, an easily observable indicator of policy distortion, is not significant in these equations but openness to imports is significant casts doubt on the proposition that donor countries are altruistically rewarding sound macroeconomic policies, but, rather, may be rewarding countries that are open to the donor country's exports.
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In summary, we have found some suggestive evidence that openness to trade may be linked to better health outcomes because more open countries receive more water resources aid, though our results indicate that this explanation is only a partial one. It seems intuitive that cleaner water would greatly benefit a country's health outcomes, particular for lesser developed countries where water quality is likely to be an issue.
Still, the effect of openness remains even after accounting for possible changes in pure water supplies. We conclude that while this type of foreign aid may be a factor in explaining our results, other factors also play a role.
Summary
This paper has shown that increased trade is associated with improved health outcomes, in terms of increased life expectancies and lower infant mortality, but these gains vary by country. In particular, these benefits are enjoyed primarily by poorer countries, while the benefits to more developed nations are much smaller, or even nonexistent. These findings challenge the notion that increased openness is harmful to the poor. In fact, we show that trade may actually decrease international health disparities since the gains are primarily enjoyed by poorer countries.
The mechanisms through which openness and health are related are less clear.
We are able to attribute a small part of the correlation to increases in development aid being associated with increases in openness. We found no evidence that this mechanism can be explained by an association between increased openness and changes in political regimes or by the importation of medical resources. Some of the unexplained correlation may be due to mobility of doctors and patients across borders or perhaps, more generally, to the flow of knowledge that may accompany increased openness. Future research should focus on the specific channels linking openness and health so that policy makers can better understand this relationship. 
